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(54) Boiler for electrical generator based on external boiler with improved yield

(57) A boiler (236) for an electrical generator (203)
of the external-boiler type is proposed. The boiler in-
cludes a furnace (242) for producing heat through com-
bustion of a fuel. The boiler is provided with an input (315)
for receiving a process fluid. A heat exchanger (248)
causes the process fluid to flow close to the furnace (so
that it is heated by the heat produced by the furnace).
The boiler is also provided with an output (320) for sup-

plying the heated process fluid to the electrical generator.
In the solution according to an embodiment of the inven-
tion, the heat exchanger includes a plurality of ducts
(415-435) being connected in parallel between the input
and the output (for partitioning the flow of the process
fluid); the ducts are arranged as a tunnel (430-435)
around the furnace along a flow direction (245) of com-
bustion smokes being produced by the furnace.
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Description

[0001] The solution according to an embodiment of the
present invention generally relates to the field of the gen-
eration of energy. More specifically, this solution relates
to the boilers for electrical generators.
[0002] Electrical generators of different type are known
for producing electrical energy through transformation of
another type of energy. A typical example is an installa-
tion for generating electrical energy of the turbo-com-
pressor type. In such case, a compressor compresses a
gas (such as air); the compressed air is mixed to a fuel
and made to bum in a combustion chamber, so as to
increase its temperature, speed and volume. The air is
then directed towards a gas turbine (at Joule cycle) so
as to generate mechanical energy, which in turn is ex-
ploited for generating electrical energy. The residual heat
of the air being output by the turbine is generally recov-
ered for pre-heating the air; moreover, such residual heat
can also be used to produce thermal energy in a co-
generation installation.
[0003] Particularly, in a so-called turbine of the exter-
nal-boiler type the combustion occurs in a distinct boiler
(which replaces the normal combustion chamber be-
tween the compressor and the turbine). In such case, the
air being used by the turbine is not subject to the com-
bustion process (so that corresponding cleaning opera-
tions are not required); the air is instead heated in a heat
exchanger that is inserted in the boiler (where another
gas is burnt). For example, the heat exchanger is formed
by a spiral-like duct that extends vertically; in this way, it
is possible to make the duct with a large length (so as to
obtain a sufficient heat exchange) but with a limited size.
However, this causes remarkable losses of pressure that
reduce the useful power of the air.
[0004] The boiler can use different types of fuel. Par-
ticularly, the increasingly need of minimizing the environ-
mental impact of the energy production processes has
led to concentrate many research efforts in the field of
fuel being derived from renewable sources. A typical ex-
ample of renewable sources consists of the biomasses
(such as pellets), which consist of a material of organic
origin (of the vegetable or animal type, but not of the fossil
type) whose exploitation time is comparable to the re-
generation one. However, the technologies available for
exploiting the biomasses are rather complex, so that they
are hard to apply in installations of small size.
[0005] For example, there have been proposed proto-
types of installations with boiler being based on a heat
exchanger of ceramic type; such installations, however,
have not found practical application because of the prob-
lems caused by the thermal expansions and the losses
of pressure in the heat exchanger.
[0006] Other known installations use the technique of
the pyrolysis (or pyro-gasification) to decompose the bi-
omass into gas (to be used in the turbine) by means of
the application of heat in complete absence of oxygen.
However, the produced gas has a low heat of combus-

tion; moreover, such gas is rich of polluting substances
that cause a fast deterioration of the turbine, and in any
case requires complex filtering systems.
[0007] In its general terms, the solution according to
an embodiment of the present invention is based on the
idea of partitioning the flow of the air (or of any other
process flow) in the heat exchanger of the boiler.
[0008] Particularly, different aspects of the solution ac-
cording to an embodiment of the invention are set out in
the independent claims. Advantageous features of the
same solution are set out in the dependent claims.
[0009] More specifically, an aspect of the solution ac-
cording to an embodiment of the invention proposes a
boiler for an electrical generator of the external-boiler
type (for example, a gas micro-turbine). The boiler in-
cludes a furnace for producing heat through combustion
of a fuel (for example, a biomass). The boiler is provided
with an input for receiving a process fluid (for example,
air). A heat exchanger causes the process fluid to flow
close to the furnace (so that it is heated by the heat pro-
duced by the furnace). The boiler is also provided with
an output for supplying the heated process fluid to the
electrical generator. In the solution according to an em-
bodiment of the invention, the heat exchanger includes
a plurality of ducts being connected in parallel between
the input and the output (for partitioning the flow of the
process fluid); the ducts are arranged as a tunnel around
the furnace along a flow direction of combustion smokes
being produced by the furnace.
[0010] In an embodiment of the invention, the ducts
include at least one initial duct being connected to the
input, the at least one initial duct being arranged longitu-
dinally along the flow direction at a first side of the furnace,
at least one lateral duct being arranged longitudinally
along the flow direction at a second side of the furnace
opposite the first side, at least one group of a plurality of
initial bridge ducts, the initial bridge ducts of each group
being connected in parallel between a corresponding in-
itial duct and a corresponding lateral duct, at least one
final duct being connected to the output, the at least one
final duct being arranged longitudinally downstream the
at least one initial duct along the flow direction at the first
side of the furnace, and at least one group of a plurality
of final bridge ducts, the final bridge ducts of each group
being connected in parallel between a corresponding lat-
eral duct and a corresponding final duct.
[0011] In an embodiment of the invention, each final
duct is queued to a corresponding initial duct, the at least
one lateral duct having a length substantially equal to
said queuing.
[0012] In an embodiment of the invention, the at least
one initial duct, lateral duct, group of initial bridge ducts,
final duct, and group of final bridge ducts consist of a
plurality of initial ducts, lateral ducts, groups of initial
bridge ducts, final ducts, and groups of final bridge ducts,
respectively.
[0013] In an embodiment of the invention, the groups
of initial bridge ducts are interleaved to each other, and/or
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the groups of final bridge ducts are interleaved to each
other.
[0014] In an embodiment of the invention, the furnace
is arranged in an initial portion of the heat exchanger
along the flow direction, the boiler further including de-
flecting means for deflecting the combustion smokes to-
wards the tunnel-arranged ducts.
[0015] In an embodiment of the invention, the deflect-
ing means includes a barrier for the combustion smokes
being arranged within an ending portion of the initial
bridge ducts along the flow direction.
[0016] In an embodiment of the invention, the barrier
includes a wall having a shape corresponding to a shape
of the initial bridge ducts and a height lower than a height
of the initial bridge ducts.
[0017] In an embodiment of the invention, the boiler
includes a further heat exchanger for heating a combus-
tion gas to be supplied to the furnace by exploiting the
combustion smokes, the further heat exchanger being
arranged downstream the heat exchanger along the flow
direction.
[0018] In an embodiment of the invention, the further
heat exchanger includes at least one further input for
receiving the combustion gas, at least one further output
for supplying the heated combustion gas to the furnace,
and at least one group of a plurality of transversal ducts
extending transversally to the flow direction, the trans-
versal ducts of each group being connected in parallel
between a corresponding further input and a correspond-
ing further output for partitioning a flow of the combustion
gas.
[0019] In an embodiment of the invention, the at least
one further input, further output, and group of transversal
ducts include a first, a second and a third further inputs,
further outputs, and groups of transversal ducts, the first
further output being adapted to supply the heated com-
bustion gas in a central region of the furnace, the second
further output being adapted to supply the heated com-
bustion gas in an upper region of the furnace with respect
to the combustion, and the third further output being
adapted to supply the heated combustion gas down-
stream the furnace along the flow direction.
[0020] In an embodiment of the invention, the trans-
versal ducts of each group are arranged parallel to each
other in at least one plan being substantially perpendic-
ular to the flow direction.
[0021] In an embodiment of the invention, the trans-
versal ducts of at least one group are arranged in a
number of plans higher than a number of plans of a pre-
ceding group of transversal ducts along the flow direction.
[0022] In an embodiment of the invention, the boiler
includes further deflecting means for deflecting the com-
bustion smokes towards the further heat exchanger.
[0023] In an embodiment of the invention, the further
deflecting means includes a further barrier for the com-
bustion smokes being arranged within a terminal portion
of the tunnel-arranged ducts of the heat exchanger along
the flow direction.

[0024] In an embodiment of the invention, the further
barrier includes a cusp-shaped further wall being turned
towards the flow direction.
[0025] Another aspect of the solution according to an
embodiment of the invention proposes a heat exchanger
for use in such boiler.
[0026] A further aspect of the solution according to an
embodiment of the invention proposes an energy gener-
ation installation including an electrical generator and
such boiler for supplying the heated process fluid to the
electrical generator.
[0027] In an embodiment of the invention, the installa-
tion further includes means for adding at least part of the
process fluid being exhausted by the electrical generator
to a combustion gas to be supplied to the boiler.
[0028] In an embodiment of the invention, the electrical
generator is a gas turbine, the installation further includ-
ing a compressor for compressing the process fluid to be
supplied to the boiler, and a cooling exchanger for cooling
the process fluid to be supplied to the compressor by
exploiting the combustion smokes being exhausted by
the boiler and/or at least part of the process fluid being
exhausted by the electrical generator.
[0029] In an embodiment of the invention, the installa-
tion is a co-generation installation of thermal energy and
electrical energy, the installation further including thermal
conversion means, and means for supplying the com-
bustion smokes being exhausted by the boiler and/or at
least part of the process fluid being exhausted by the
electrical generator to the conversion means.
[0030] In an embodiment of the invention, the fuel is a
biomass.
[0031] A different aspect of the solution according to
an embodiment of the invention proposes a correspond-
ing method. Particularly, there is proposed a method for
generating energy by means of an electrical generator
of the external-boiler type, the method including the steps
of: generating heat through combustion of a fuel in a fur-
nace of the boiler, receiving a process fluid at an input
of the boiler, causing the process fluid to flow close to
the furnace by means of a heat exchanger, the process
fluid being heated by the heat produced by the furnace,
and supplying the heated process fluid to the electrical
generator from an output of the boiler, wherein the step
of causing the process fluid to flow close to the furnace
includes partitioning the flow of the process fluid by
means of a plurality of ducts of the heat exchanger being
connected in parallel between the input and the output,
the ducts being arranged as a tunnel around the furnace
along a flow direction of combustion smokes being pro-
duced by the furnace.
[0032] The same advantageous features (pointed out
with reference to the boiler) apply mutatis mutandi to the
method.
[0033] The solution according to one or more embod-
iments of the invention, as well as further features and
the advantages thereof, will be best understood with ref-
erence to the following detailed description, given purely

3 4 



EP 2 256 405 A2

4

5

10

15

20

25

30

35

40

45

50

55

by way of a non-restrictive indication, to be read in con-
junction with the accompanying drawings. In this respect,
it is expressly intended that the figures are not necessary
drawn to scale and that, unless otherwise indicated, they
are merely used to conceptually illustrate the structures
and procedures described herein. Particularly:

FIG.1 is a functional representation of a biomass co-
generation installation in which the solution accord-
ing to an embodiment of invention is applicable;
FIG.2 is a principle block diagram of the same instal-
lation;
FIG.3 is a cross-sectional top view of a boiler of such
installation according to an embodiment of invention;
FIG.4 shows a perspective representation of a main
heat exchanger of the boiler according to an embod-
iment of invention;
FIG.5 is a front view of the main heat exchanger with
an initial deflector according to an embodiment of
invention; and
FIG.6 shows a perspective view of a secondary heat
exchanger of the boiler according to an embodiment
of invention.

[0034] With reference in particular to FIG.1, there is
shown a functional representation of a biomass co-gen-
eration installation 100 in which the solution according
to an embodiment of invention is applicable. The instal-
lation 100 includes an electrical energy generation sys-
tem 105 (for example, being based on micro-turbine),
which sucks process air (or thermo-vector) from the ex-
ternal environment. The process air is compressed and
supplied from the generation system 105 to a combustion
system 110 being fed by biomass.
[0035] The combustion system 110 burns the biomass
by using combustion air, which is sucked from the exter-
nal environment with the recovery of part of the exhaust
air being output by the generation system 105; such com-
bustion process generates heat that heats the process
air; the process air so heated is returned from the com-
bustion system 110 to the generation system 105 for pro-
ducing electrical energy, which is supplied to an external
electrical network (not shown in figure). Exhaust gases
- comprising exhaust smokes from the combustion sys-
tem 110 with the recovery of the remaining part of the
exhaust air from the generation system 105 - are supplied
to a thermal conversion system 115. The conversion sys-
tem 115 produces thermal energy by exploiting the ex-
haust gases, which (once completely exhausted) are
then returned to the external environment. Such thermal
energy is used by a system of thermal users 120 (either
household ones or industrial ones), and it is partially re-
covered by the generation system 105.
[0036] More in detail, as shown in the block diagram
of FIG.2, the generation system 105 is based on a gas
micro-turbine 203. A suction mouth 206 draws and filters
the process air from the external environment. The proc-
ess air is cooled (for example, to 8-12°C) by a cooling

device 209 (being supplied by the conversion system
115, as described in the following). The process air so
cooled is provided to the compressor 212 being supplied
by the turbine 203, which compresses it (for example, to
300-400 kPa); in this respect, it should be noted that the
previous cooling of the process air remarkably reduces
the work being required to the compressor 212 for ob-
taining the desired pressure of the process air (with a
beneficial effect on its yield). The compressed process
air is then pre-heated (for example, to 450-550°C) by a
heat recovery unit 215 that exploits the exhaust air from
the turbine 203, so as to increase the overall efficiency
of the system 100. At this point, the (pre-heated) process
air is supplied to the combustion system 110. The com-
bustion system 110 heats the process air through the
combustion of the biomass (for example, by bringing it
up to 850-950°C). The process air so heated is returned
from the combustion system 110 to the turbine 203. The
process air expands in the turbine 203, thereby acting
on corresponding blades that make a shaft of the turbine
203 rotate so as to generate mechanical energy. The
turbine 203 is connected coaxially to the compressor 212
and to an alternator 218 (for transferring thereto the gen-
erated mechanical energy). The alternator 218 trans-
forms the received mechanical energy into electric ener-
gy in the form of alternating current. The alternator 218
is followed by a static alternating current-alternating cur-
rent (AC-AC) converter 221, which converts the voltage
being output by the alternator 218 to a value being com-
patible with the external electrical network (for example,
50-60 Hz). The static converter 221 delivers the electric
energy so produced to the electrical network (not shown
in the figure) through a corresponding interface 224.
[0037] The generation system 105 and the combustion
system 110 are coupled by means of an anchorage sys-
tem 221, being capable of compensating the different
thermal expansions of the two systems 105 and 110. A
control device 227 (for example, a micro-processor) man-
ages the operation of the generation system 105 and of
the combustion system 110. Particularly, the control de-
vice 227 manages a starting phase (without using any
other conventional fuels) - wherein the combustion sys-
tem 110 is brought to a working temperature and the
turbine 203 is accelerated up to a self-powering speed
(by using the alternator 218 in reverse mode as a syn-
chronous starter motor) - and a corresponding stopping
phase. The control device 227 also manages the supply-
ing of the combustion system 110 so as to reach the
desired value of temperature of the process air, in turn
determined by a power demand of the system 100. More-
over, the control device 227 detects anomalous operating
conditions (for example, overpressure or lack of voltage);
in this case, the control device 227 blocks the supplying
of the combustion system 110 and actuates a vent valve
230 that discharges the process air into the external en-
vironment (so as to cause the safe fast stopping of the
turbine 203). The control device 227 may also perform
additional functions, such as the management of a par-
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allel with the electrical network, the orchestration of other
systems (not shown in the figure), the frequency-power
control, the provision of a load island, and the like.
[0038] The exhaust air being output by the turbine 203
(for example, at a temperature of 550-650°C) is used in
the recovery unit 215 for pre-heating the process air (to
be supplied to the combustion system 110). Next, the
exhaust air (for example, at a temperature of 450-550°C)
is provided to a three-way valve 233, which diverts the
exhaust air partially towards the combustion system 110
and partially towards the conversion system 115.
[0039] Passing now to the combustion system 110, it
is based on a biomass boiler (or combustor) 236; for ex-
ample, the biomass is of the wooden-cellulose type, such
as wood chips, pellets, olive residues, nut residues, corn,
woodland cleaning residues, and the like. An automatic
loading device 239 feeds the biomass to the boiler 236.
The loading device 239 may be of the hopper, screw or
piston type (according to the type of biomass), and it is
provided with a shutter for blocking the backfire from the
boiler 236.
[0040] The boiler 236 includes a furnace 242, which
receives the biomass (from the loading system 239), and
burns it by using the combustion air as comburent. Such
combustion process generates combustion smokes at
high temperature (for example, 950-1,050°C), which
combustion smokes are forced by means of a fan (not
shown in the figure) along a longitudinal flow direction
245. The furnace 242 may be of the fixed grid type (for
olive residues or pellets) or of the moving grid type (for
heterogeneous material); the furnace 242 further in-
cludes a cinerary under the grid (not shown in the figure)
for the collection of combustion ashes (which may be
extracted either in a manual way or in an automatic way).
A main air-to-air heat exchanger 248 is used for heating
the process air (received from the generation system 105
and to be returned thereto) through the heat being pro-
duced by the combustion process (as described in detail
in the following).
[0041] The combustion air is sucked from the external
environment through an input manifold 251, which splits
it into three distinct input ducts (i.e., a primary duct 254a,
a secondary duct 254b, and a tertiary duct 254c). Three
regulation valves 257a, 257b and 257c are inserted along
the primary duct 254a, the secondary duct 254b, and the
tertiary duct 254c, respectively, for regulating the addition
of the exhaust air (of the turbine 203) coming from the
three-way valve 233. The combustion air (with the addi-
tion of part of the exhaust air) is conveyed towards a
secondary air-to-air heat exchanger 260 (arranged in the
boiler 236 downstream the main heat exchanger 248
along the flow direction 245). The secondary heat ex-
changer 260 pre-heats the combustion air by exploiting
the residual heat of the combustion smokes, so as to
increase the efficiency of the boiler 236. At this point, the
(pre-heated) combustion air is supplied to the furnace
242 through three distribution ducts, i.e., a primary dis-
tribution duct 263a, secondary distribution duct 263b, and

a tertiary distribution ducts 263c (for the corresponding
ducts 254a, 254b, and 254c), which end with regulation
shutters with facing fins. Particularly, the primary duct
263a injects the (primary) combustion air into a central
zone of the furnace242, the secondary duct 263b injects
the (secondary) combustion air into an upper zone of the
furnace 242, and the tertiary duct 263c injects (tertiary,
or post-combustion) combustion air downstream the fur-
nace 242 along the flow direction 245 - so as to optimize
the combustion of the biomass.
[0042] An ejector 266 sucks the exhaust smokes being
output by the boiler 236 and part of the exhaust air (of
the turbine 203) coming from the three-way valve 233.
The ejector 266 conveys the exhaust smokes and the
exhaust air into a single exhaust gases flow (for example,
at a temperature of 300-400°C) towards the conversion
system 115. Particularly, an air-to-water heat exchanger
269 exploits the residual heat of the exhaust gases to
heat water (for example, to a temperature of 80-100°C),
by making the exhaust gases pass through a bundle tube
being dipped in the water to be heated. The (completely
exhausted) exhaust gases being output by the heat ex-
changer 269 are then delivered to the external environ-
ment through a chimney 272. The warm water so pro-
duced is used in a cooling exchanger (chiller) 275 for
cooling water (for example, to a temperature of 7-10°C).
The cold water being produced by the cooling exchanger
275 is supplied to the cooling device 209 for cooling the
process air for the compressor 212 (by making it pass
through a coil being arranged close to filters for the proc-
ess air in the suction mouth 206).
[0043] At the end, the system of users 120 includes
water heating equipments 278 (for example, for house-
hold, bath, production use, and the like), which are sup-
plied by the warm water provided by the heat exchanger
275. Cooling equipments 281 (for example, for condition-
ing environments, controlling production processes, and
the like) are instead supplied by the cold water being
provided by the cooling exchanger 275. The exhaust gas-
es (from the ejector 266) may also be used directly by
other air heating devices 284 (for example, for heating
environments, in drying processes, and the like); partic-
ularly, this allows drying the biomass itself being input to
the combustion system 110 (so as to increase the effi-
ciency of the combustion process in the boiler 236). The
system of users 120 may also include electrical energy
generators 287 that exploit the warm water being provid-
ed by the heat exchanger 269 - for example, being based
on the traditional Rankine cycle, on the Organic Rankine
Cycle (ORC), and the like.
[0044] Passing now to FIG.3, there is shown a cross-
sectional top view of the boiler 236 according to an em-
bodiment of the invention.
[0045] Particularly, the boiler 236 is formed by a com-
bustion chamber 305, which is delimited by a base that
is closed by a cover being made of steel with multilayer
inner covering of insulation panels for high temperatures.
The combustion chamber 305 is provided with a feeding
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door 310 of the biomass (being open in a front wall thereof
along the flow direction 245, facing the loading device).
The furnace 242 is made in a hole in the base of the
combustion chamber 305, directly downstream the feed-
ing door 310. An inlet mouth 315 is made in a sidewall
of the cover of the combustion chamber 305 (close to its
front wall) for receiving the process air from the genera-
tion system, and an outlet mouth 320 is made in a rear
wall of the combustion chamber 305 for returning the
heated process air to the same generation system. The
main heat exchanger 248 is connected between the inlet
mouth 315 and the outlet mouth 320. An initial deflector
325 and a final deflector 330 are arranged within the main
heat exchanger 248 (for deflecting the combustion
smokes, as it will be apparent in the following of the de-
scription). The main heat exchanger 248 is followed by
the secondary heat exchanger 260. The secondary heat
exchanger 260 faces an exhaust mouth 335 for the com-
bustion smokes (being made in the rear wall of the com-
bustion chamber 305). The input ducts (denoted as a
whole with the reference 254) enters the combustion
chamber 305 through its rear wall for connecting to the
secondary heat exchanger 260; the distribution ducts
(denoted as a whole with the reference 263) are in turn
connected to the secondary heat exchanger 260 for sup-
plying the pre-heated combustion air to the furnace 242
(not detailed in the figure).
[0046] In the solution according to an embodiment of
the present invention, as described in detail in the follow-
ing, the main heat exchanger 248 includes a plurality of
ducts, which are connected in parallel between the inlet
mouth 315 and the outlet mouth 320 for partitioning the
flow of the process air; the ducts are arranged as a tunnel
around the furnace 242, which tunnel extends along the
flow direction 245.
[0047] The proposed solution provides an optimal ef-
ficiency of the main heat exchanger 248. Indeed, the split-
ting of the flow of the process air allows obtaining a high
heat exchange surface through the corresponding ducts;
at the same time, the connection in parallel of the ducts
allows maintaining the path of the process air short, so
as to reduce the losses of pressure. Moreover, the tunnel-
like shape provides optimal results in terms both of en-
cumbrance and of absorption of the heat produced by
the furnace 242.
[0048] All of the above remarkably increases the effi-
ciency of the entire system. Particularly, this allows ap-
plying the proposed solution in installations of small size
as well - for example, for powers of the order of 200-5.000
electrical kW (kWe).
[0049] Particularly, in an embodiment of the present
invention - as shown in the perspective representation
of FIG.4 - the main heat exchanger 248 is made with a
canalization of special steel for high temperatures, which
is suspended over the base of the combustion chamber.
More specifically, an input manifold 405 is connected to
the inlet mouth of the combustion chamber for receiving
the process air from the generation system, and an output

manifold 410 is connected to the outlet mouth of the com-
bustion chamber for returning the heated process air to
the same generation system. Two pipes extend longitu-
dinally (along the flow direction) from the input manifold
405 to the output manifold 410; such pipes are abreast,
at the side of the furnace (not shown in figure). The pipes
are closed substantially in the middle by corresponding
separation walls, so as to define two initial ducts 415a
and 415b (connected to the input manifold 405), and two
final ducts 420a and 420b (connected the output manifold
410). Two lateral ducts 425a and 425b extend longitudi-
nally as well (with a length substantially equal to the one
of the pipes that form the initial ducts 415a, 415b and the
final ducts 420a, 420b, and a section substantially equal
to the one of them); the lateral ducts 425a and 425b are
likewise arranged abreast, at the same height of the initial
ducts 415a, 415b and of the final ducts 420a, 420b, but
at an opposite side of the furnace. A group of initial bridge
ducts 430a (for example, 5-15) is connected in parallel
between the initial duct 415a and a corresponding portion
of the lateral duct 425a; each initial bridge duct 430a is
conformed substantially as an arc, and has a reduced
section with respect to the one of the ducts 415a,425a
according to their number (for example, 1/15-1/5). An-
other group of initial bridge ducts 430b is connected in
parallel between the initial duct 415b and a correspond-
ing portion of the lateral duct 425b. The initial bridge ducts
430a and 430b are interleaved, and slightly staggered
transversally. An analogous group of final bridge ducts
435a is connected in parallel between the final duct 420a
and a corresponding portion of the lateral duct 425a. An-
other group of final bridge ducts 435b is connected in
parallel between the final duct 420b and a corresponding
portion of the lateral duct 425b. In this case as well, the
final bridge ducts 435a and 435b are interleaved, and
slightly staggered transversally.
[0050] The input manifold 405 is provided with divert-
ing walls for distributing the process air in the initial ducts
415a and 415b. The process air in each initial duct 415a
and 415b then splits in the initial bridge ducts 430a and
430b, respectively. The process air from the initial bridge
ducts 430a and 430b is collected by the lateral ducts
425a and 425b, respectively. At this point, the process
air in each lateral duct 425a and 425b splits again in the
final bridge ducts 435a and 435b, respectively. As above,
the process air from the final bridge ducts 435a and 435b
is collected by the final ducts 415a and 415b, respective-
ly. The process air from the final ducts 415a and 415b is
then conveyed to the output manifold 410.
[0051] The structure described above further improves
the efficiency of the main heat exchanger 236. Particu-
larly, the bridge ducts (both the initial ones and the final
ones) being interleaved and staggered to each other pro-
vide an optimal heat exchange surface.
[0052] Returning to FIG.3, the furnace 242 is arranged
in an initial portion of the main heat exchanger 248 (along
the flow direction 245); particularly, the furnace 242 ends
before the separation walls that define the initial ducts,
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and then are completely covered by the initial bridge
ducts. In such section of the main heat exchanger 248,
the heat exchange occurs mostly by radiation. Therefore,
the arrangement of the initial bridge ducts (conveying the
entire flow of the process air directly over the furnace
248) optimizes the heat exchange in such section.
[0053] In the remaining section of the main heat ex-
changer 248, instead, the heat exchange occurs mostly
by convection. In an advantageous embodiment of the
invention, the initial deflector 325 is arranged directly
downstream the furnace 242 (between the latter and the
separation walls that define the initial ducts). The initial
deflector 325 implements a barrier that deflects the com-
bustion smokes towards the main heat exchanger 248;
particularly, in this way the combustion smokes lick the
final bridge ducts, wherein the whole flow of the process
air is again conveyed. As a consequence, the heat ex-
change in such section of the main heat exchanger 248
as well is optimized.
[0054] Particularly, as shown in the front view of FIG.
5, the initial deflector 325 is made of a wall of refractory
material, which lies on the base of the combustion cham-
ber. The initial deflector 325 has a width that is scarcely
lower than the encumbrance of the initial bridge ducts
430a, 430b. The initial deflector 325 instead has a height
that is lower than the one of the initial bridge ducts 430a,
430b; for example, the initial deflector 325 ends with a
stepped portion converging inwards, which steps stop at
0,2-0,4 m from the top of the initial bridge ducts 430a,
430b.
[0055] In such way, the combustion smokes (from the
furnace) are deflected upwards, so as to lick the final
bridge ducts (not shown in the figure). At the same time,
the free space between the initial deflector 325 and the
initial bridge ducts 430a, 430b does not hinder the flow
of the combustion smokes excessively (so as not to re-
quire the use of over-dimensioned fans).
[0056] Returning to FIG.3, as a further improvement
the final deflector 330 is arranged at the end of the main
heat exchanger 248 (directly before the secondary heat
exchanger 260). The final deflector 330 instead deflects
the combustion smokes towards the secondary heat ex-
changer 260. As a consequence, the corresponding heat
exchange is improved so as to increase the pre-heating
of the combustion air (and then the efficiency of the entire
boiler).
[0057] Particularly, the final deflector 330 as well is
made of a wall in refractory material, which lies on the
base of the combustion chamber 305. The final deflector
330 has a width and a height that are slightly lower than
the encumbrance of the final bridge ducts. However, in
such case the final deflector 330 is formed by two wings,
which connect with a cup-like profile (in plan view) being
turned towards the flow direction 245.
[0058] In such way, the combustion smokes (from the
main heat exchanger 248) are concentrated towards the
secondary heat exchanger 260, so as to wind around it
completely.

[0059] A perspective representation of the secondary
heat exchanger 260 according to an embodiment of the
invention is shown in FIG.6. Particularly, the secondary
heat exchanger 260 includes an input tower 605 and an
output tower 610, which lies on the base of the combus-
tion chamber. The input tower 605 is split into three iso-
lated sections that extend vertically. A primary input
mouth 615a (on an external sidewall of the input tower
605, down at the back), a secondary input mouth 615b
(on the same sidewall of the input tower 605, down in the
front), and a tertiary input mouth 615c (on a front wall of
the input tower 605, down) are connected to the primary,
secondary, and tertiary input ducts, respectively (not
shown in the figure). Likewise, the output tower 610 as
well is split into three isolated sections that extend verti-
cally. A primary output mouth 620a (on an external side-
wall of the output tower 610, down at the back), a sec-
ondary output mouth 620b (on the same sidewall of the
output tower 610, down in the front), and a tertiary output
mouth 620c (on a front wall of the output tower 610, down)
are connected to the primary, secondary, and tertiary out-
put ducts, respectively (not shown in the figure). Primary
transversal ducts 625a, secondary transversal ducts
625b, and tertiary transversal ducts 625c are connected
in parallel between the sections of the primary 615a-
620a, secondary 615b-620b, and tertiary 615c-620c (in-
put and output) mouths, respectively. The transversal
ducts 625a, 625b, 625c extend transversally to the flow
direction; particularly, the transversal ducts 625a, 625b,
625c are arranged (in parallel to each other) in vertical
plans being perpendicular to the flow direction (for ex-
ample, each one including 10-30 transversal ducts 625a,
625b, 625c being stacked one on the other). Particularly,
the primary transversal ducts 625a are arranged in three
plans in a back region of the secondary heat exchanger
260 (along the flow direction), the secondary transversal
ducts 625b are arranged in a single plan in a central re-
gion of the secondary heat exchanger 260, and the ter-
tiary transversal ducts 625c as well are arranged in a
single plan in a front region of the secondary heat ex-
changer 260.
[0060] The above-described structure further im-
proves the efficiency of the secondary heat exchanger
260. Particularly, this allows obtaining a substantially uni-
form distribution of the pre-heating of the combustion air
(thanks to the higher number of transversal ducts in the
back region being reached to a lower extent by the com-
bustion smokes).
[0061] Naturally, in order to satisfy local and specific
requirements, a person skilled in the art may apply to the
solution described above many logical and/or physical
modifications and alterations. More specifically, although
this solution has been described with a certain degree of
particularity with reference to preferred embodiments
thereof, it should be understood that various omissions,
substitutions and changes in the form and details as well
as other embodiments are possible. Particularly, the
same solution may even be practiced without the specific
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details (such as the numerical examples) set forth in the
preceding description to provide a more thorough under-
standing thereof; conversely, well-known features may
have been omitted or simplified in order not to obscure
the description with unnecessary particulars. Moreover,
it is expressly intended that specific elements and/or
method steps described in connection with any embod-
iment of the disclosed solution may be incorporated in
any other embodiment as a matter of general design
choice.
[0062] Particularly, similar considerations apply if the
boiler has a different structure or includes equivalent
components. For example, the combustion chamber may
have another shape or it may be made of other materials,
the input and the output for the process air may be ar-
ranged in a different position, the furnace may be shaped
in another way, and the like; in any case, the installation
may use any other process fluid (such as water). The
number of ducts described above for partitioning the flow
of the process air in the primary heat exchanger is merely
indicative, and it does not have to be interpreted in a
limitative manner; likewise, nothing prevents arranging
the tunnel-like ducts around the furnace with a different
shape (for example, rectangular, square, semicircular
one).
[0063] Although in the preceding description reference
has been made to a specific design of the primary heat
exchanger being particularly advantageous (with a two-
fold passing of the process air at the sides of the furnace),
a simplified implementation with a single passing from a
side to the other of the furnace is not excluded; in any
case, the initial and/or final bridge ducts may be in any
number (even different to each other).
[0064] Nothing prevents having the initial and final
ducts of different length, made of distinct pipes, or ar-
ranged in another way.
[0065] The proposed embodiment with two sections of
ducts (initial, initial bridge, lateral, final bridge, and final
ones) for the primary heat exchanger is not to be intended
in a limitative way; indeed, it is possible to provide a higher
number of sections (or, to the contrary, a single section
in a particularly simplified implementation).
[0066] The possibility of distributing the initial and/or
final bridge ducts in different ways is not excluded - for
example, by interleaving blocks of two or more bridge
ducts of the same group, or even arranging the blocks
of bridge ducts in succession.
[0067] The initial deflector is not strictly necessary, and
it may also be omitted in a simplified embodiment of the
invention.
[0068] In any case, nothing prevents arranging the in-
itial deflector in another position (for example, between
the initial bridge ducts and the final bridge ducts).
[0069] Alternatively, it is possible to make the initial
deflector with another shape (for example, simply at rec-
tangular cross-section), or with a different size (for ex-
ample, more narrow, higher and/or lower).
[0070] A simplified implementation without the sec-

ondary heat exchanger is not excluded.
[0071] Although in the preceding description reference
has been made to a design of the secondary heat ex-
changer being particularly advantageous (with the input
and output towers, and the transversal ducts that extend
between them), the same may also be made in another
way (for example, with coil-like ducts).
[0072] The proposed embodiment of the secondary
heat exchanger with three duct sections (for the primary,
secondary and tertiary process air) is not to be intended
in a limitative way; indeed, it is possible to distribute the
process air in other positions, and provide a different
number (either higher or lower, down to a single one) of
flows of the process air.
[0073] Alternatively, the transversal ducts may be in a
different number, arranged vertically, slanting, and the
like.
[0074] The possibility of distributing the transversal
ducts in a different number of plans (each one including
a different number of transversal ducts) is not excluded;
for example, it is possible to have the same number of
plans for the different flows of the process air, or even
the transversal ducts of two or more flows of the process
air (up to all) being arranged in the same plan.
[0075] The final deflector is not strictly necessary, and
it may also be omitted in a simplified embodiment of the
invention.
[0076] In any case, nothing prevents arranging the final
deflector in another position (for example, outside the
primary heat exchanger).
[0077] Alternatively, it is possible to make the final de-
flector with another shape (for example, funnel-like), or
with a different size.
[0078] It is emphasized that the additional features de-
scribed above (such as the initial deflector, the secondary
heat exchanger, the final deflector, and the like) may be
used - either alone or in combination to each other - in
heat exchangers with different design as well.
[0079] It should be noted that the proposed primary
heat exchanger lends itself to be implemented and put
on the market even as a stand-alone product, for use in
pre-existing boilers.
[0080] Similar considerations apply if the energy gen-
eration installation has a different architecture or includes
equivalent units.
[0081] For example, an implementation without the re-
covery of the exhaust air from the turbine (to be added
to the combustion air) is contemplated.
[0082] Likewise, the process air to be supplied to the
compressor may be cooled in another way (for example,
by exploiting the exhaust smokes from the boiler only or
the exhaust gases from the turbine only) - even if such
additional feature is not strictly necessary; in any case,
there is not excluded the possibility of using electrical
generators of other type (for example, with classic gas
turbine, steam turbine, and the like).
[0083] Alternatively, it is possible to provide only some
of the thermal users described above, additional thermal
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users and/or alternatives ones; moreover, nothing pre-
vents supplying such thermal users (or some of them)
through the exhaust smokes from the boiler only or the
exhaust gases from the turbine only. It should be noted,
however, that the application of the proposed solution in
an installation for producing electrical energy only (not
thermal one) is contemplated.
[0084] Similar considerations apply if the biomass con-
sists of any other renewable material (solid, liquid or gas
one); in any case, the proposed solution lends itself to
be used also in installations that are supplied by other
fuels (even conventional ones).
[0085] The same solution may also be implemented
with an equivalent method (by using similar steps, re-
moving some steps being non-essential, or adding fur-
ther optional steps); moreover, the steps may be per-
formed in a different order, concurrently or in an inter-
leaved way (at least in part).

Claims

1. A boiler (236) for an electrical generator (203) of the
external-boiler type including a furnace (242) for pro-
ducing heat through combustion of a fuel, an input
(315) for receiving a process fluid, a heat exchanger
(248) for causing the process fluid to flow close to
the furnace, the process fluid being heated by the
heat produced by the furnace, and an output (320)
for supplying the heated process fluid to the electrical
generator,
characterized in that
the heat exchanger includes a plurality of ducts
(415-435) being connected in parallel between the
input and the output for partitioning the flow of the
process fluid, the ducts being arranged as a tunnel
(430-435) around the furnace along a flow direction
(245) of combustion smokes being produced by the
furnace.

2. The boiler (236) according to claim 1, wherein the
ducts (415-435) include at least one initial duct
(415a-415b) being connected to the input (315), the
at least one initial duct being arranged longitudinally
along the flow direction (245) at a first side of the
furnace (242), at least one lateral duct (425a-425b)
being arranged longitudinally along the flow direction
at a second side of the furnace opposite the first side,
at least one group of a plurality of initial bridge ducts
(430a-430b), the initial bridge ducts of each group
being connected in parallel between a correspond-
ing initial duct and a corresponding lateral duct, at
least one final duct (420a-420b) being connected to
the output (320), the at least one final duct being
arranged longitudinally downstream the at least one
initial duct along the flow direction at the first side of
the furnace, and at least one group of a plurality of
final bridge ducts (435a-435b), the final bridge ducts

of each group being connected in parallel between
a corresponding lateral duct and a corresponding
final duct.

3. The boiler (236) according to claim 2, wherein the at
least one initial duct (415a-415b), lateral duct (425a-
425b), group of initial bridge ducts (430a-430b), final
duct (420a-420b), and group of final bridge ducts
(435a-435b) consist of a plurality of initial ducts, lat-
eral ducts, groups of initial bridge ducts, final ducts,
and groups of final bridge ducts, respectively, the
groups of initial bridge ducts being interleaved to
each other and/or the groups of final bridge ducts
being interleaved to each other.

4. The boiler (236) according to claim 2 or 3, wherein
the furnace (242) is arranged in an initial portion of
the heat exchanger (248) along the flow direction
(245), the boiler further including deflecting means
(325) for deflecting the combustion smokes towards
the tunnel-arranged ducts (430-435), the deflecting
means (325) having a barrier for the combustion
smokes being arranged within an ending portion of
the initial bridge ducts (430a-430b) along the flow
direction (245).

5. The boiler (236) according to claim 4, wherein the
barrier (325) includes a wall having a shape corre-
sponding to a shape of the initial bridge ducts (430a-
430b) and a height lower than a height of the initial
bridge ducts.

6. The boiler (236) according to any claim from 1 to 5,
further including a further heat exchanger (260) for
heating a combustion gas to be supplied to the fur-
nace (242) by exploiting the combustion smokes, the
further heat exchanger being arranged downstream
the heat exchanger (248) along the flow direction
(245), wherein the further heat exchanger (260) in-
cludes at least one further input (615a-615c) for re-
ceiving the combustion gas, at least one further out-
put (620a-620c) for supplying the heated combus-
tion gas to the furnace (242), and at least one group
of a plurality of transversal ducts (625a-625c) ex-
tending transversally to the flow direction (245), the
transversal ducts of each group being connected in
parallel between a corresponding further input and
a corresponding further output for partitioning a flow
of the combustion gas.

7. The boiler (236) according to claim 6, wherein the at
least one further input (615a-615c), further output
(620a-620c), and group of transversal ducts (625a-
625c) include a first, a second and a third further
inputs, further outputs, and groups of transversal
ducts, the first further output (625a) being adapted
to supply the heated combustion gas in a central
region of the furnace (242), the second further output
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(625b) being adapted to supply the heated combus-
tion gas in an upper region of the furnace with respect
to the combustion, and the third further output (625c)
being adapted to supply the heated combustion gas
downstream the furnace along the flow direction
(245).

8. The boiler (236) according to claim 7, wherein the
transversal ducts (625a-625c) of each group are ar-
ranged parallel to each other in at least one plan
being substantially perpendicular to the flow direc-
tion (245), the transversal ducts of at least one group
(625a) being arranged in a number of plans higher
than a number of plans of a preceding group of trans-
versal ducts (625b) along the flow direction (245).

9. The boiler (236) according to any claim from 6 to 8,
further including further deflecting means (330) for
deflecting the combustion smokes towards the fur-
ther heat exchanger (260) having a further barrier
for the combustion smokes being arranged within a
terminal portion of the tunnel-arranged ducts
(430-435) of the heat exchanger (236) along the flow
direction (245).

10. The boiler (236) according to claim 9, wherein the
further barrier (330) includes a cusp-shaped further
wall being turned towards the flow direction (245).

11. A heat exchanger (248) for use in the boiler (236)
according to any claim from 1 to 10.

12. An energy generation installation (100) including an
electrical generator (203) and the boiler (236) ac-
cording to any claim from 1 to 10 for supplying the
heated process fluid to the electrical generator.

13. The installation (100) according to claim 12, further
including means (233,257a-257c) for adding at least
part of the process fluid being exhausted by the elec-
trical generator (203) to a combustion gas to be sup-
plied to the boiler (236).

14. The installation (100) according to claim 12 or 13,
wherein the electrical generator (203) is a gas tur-
bine, the installation further including a compressor
(212) for compressing the process fluid to be sup-
plied to the boiler (236), and a cooling exchanger
(275) for cooling the process fluid to be supplied to
the compressor by exploiting the combustion
smokes being exhausted by the boiler (236) and/or
at least part of the process fluid being exhausted by
the electrical generator.

15. The installation (100) according to any claim from 12
to 14, wherein the installation is a co-generation in-
stallation of thermal energy and electrical energy,
the installation further including thermal conversion

means (120), and means (233,266) for supplying the
combustion smokes being exhausted by the boiler
(236) and/or at least part of the process fluid being
exhausted by the electrical generator (203) to the
conversion means.
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